years of age. He stated that he had first become aware of his heart disease in 1928, at the age of 39, when he experienced a severe episode of substernal pain radiating to both shoulders and down both arms necessitating bed rest for 6 weeks. A diagnosis of acute myocardial infarction was made. He then experienced little discomfort until 1938 when, at the age of 49, he had a similar episode again interpreted as acute myocardial infarction. Following this episode he began to have fairly frequent attacks of substernal pain radiating to both shoulders on exertion and often radiating down the left arm to the fingertips and through to the back. These attacks occurred particularly while walking in cold weather, after eating, and during the night, waking him from sleep. The patient stated that in 1942, 1945, and 1948 , additional episodes of severe cardiac pain occurred accompanied by electrocardiographic changes, elevated temperature, and sedimentation rate, and that each was treated with 6 weeks of bed rest.
In 1951 he was placed on a rigid "rice diet" and experienced improvement in that the anginal attacks were less frequent and less severe. During the year 1954 to 1955, preceding his first admission to the Beth Israel Hospital, despite faithful adherence to the rice regimen, the patient continued to have such frequent attacks of severe angina that he was incapacitated and unable to attend business. He had received various xanthine preparations, pentaerythrityl tetranitrate, and other medications without discernible benefit. Although nitroglycerin alleviated the attacks, frequently well over 100 tablets were taken over a 24-hour period. Oxygen was also helpful and was administered for hours at a time each day. The pains increased in severity and frequency until he was confined to bed and required meperidine for relief of pain at 2-to 3-hour intervals and constant nursing and medical care. Anginal pains of great intensity followed the slightest exertion, meals, any controversy, prolonged conversation, dreams, unusual noises, etc. On physical examination, the blood pressure in both arms was 120/80. The thyroid gland was not enlarged. Examination of the heart revealed regular the heart sounds were of good quality, and there were no significant murmurs. The physical examination revealed otherwise normal findings. Laboratory examinations of the blood and urine revealed normal findings. The serum cholesterol was 250 mg. per 100 ml. Serum protein-bound iodine was 5,g. per 100 ml. Two determinations of the basal metabolic rate were -13 and -24 per cent. On x-ray the heart was normal in size and shape. The radioactive iodine uptake by the thyroid gland 24 hours after a tracer dose was 60 per cent. The electrocardiogram showed no abnormalities except that the T waves in the chest leads over the left ventricle were diphasic or inverted.
A consultation was held by Dr. William H. Higgins, Jr., the patient's personal physician, Dr. Paul D. White, who had referred the patient for study, Dr. A. Stone Freedberg, and Dr. Herrman L. Blumgart. It was agreed that the patient presented no clinical evidence of altered thyroid function. Elevated radioactive iodine uptakes such as those observed in this patient have been described previously in patients who have been on a low iodine diet like the rice diet for considerable periods of time.
In general it was considered that the salient features of this case met the criteria that we have found to be suitable indications for treatment.' The patient had continued to have attacks of angina pectoris on the slightest activity during the day and also had attacks at night despite optimal medical management. He had no other disease that made rehabilitation unlikely and he was emotionally stable and cooperative. The 6 patients not benefited by treatment showed a progressive increase in heart size. In 2 patients with angina pectoris and congestive heart failure, Il3l-induced myxedema was followed by progressive cardiac enlargement, despite striking therapeutic benefit. The remaining 6 Encouraged by these events we have subsequently induced hypothyroidism in 5 patients with uncontrollable paroxysmal supraventricular arrhythmias (3 with atrial fibrillation, 1 with atrial tachycardia, and 1 with both). Four had rheumatic heart disease and 1 hypertensive heart disease. In all, the effect was beneficial. The paroxysms of arrhythmia were abolished or notably diminished in frequency.
The bouts that did occur were more readily controlled without precipitation of angina or pulmonary edema.
A PHYSICIAN-: Have you observed the myxedema heart in the sense of a condition precipitating congestive failure in any of your cases? DR. BLUM(IART: As mentioned, certain of our patients showed an increase in the size of the cardiac silhouette, diminished amplitude of cardiac contraction, lowered voltage of the electrocardiogram, and decreased velocity of blood flow. In no case, however, have we noted evidence of the precipitation of congestive failure in any patient in our series.
A PHYSICIAN: What is the reaction of these patients to other drugs they may be taking, such as digitalis or sedatives? DR. FREEDBERG: We do not have quantitative data on this question. It is our impression that in some patients less digitalis is required to maintain digitalization. In others, we have been surprised by the continued tolerance to a large maintenance dose. We have also not observed any altered tolerance of these patients to sedatives or, in 6 patients undergoing operation, to meperidine, pentothal, or ether anesthesia. This experience, which is contrary to that in untreated myxedema, may be related to the fact that all our patients receive small doses of thyroid. We do have the impression, however, that similar tolerance to morphine is not present in our patients.
A PHYSICIAN: Have you studied the effects of hypothyroidism on the various lipid fractions? DR. KURLAND: The serum lipoprotein and cholesterol concentrations have been studied in 15 euthyroid patients with heart disease before 1131 treatment, during subsequent hypothyroidism, and after administration of desiccated thyroid.
The patients ranged in age from 32 to 82 years; 8 were male; 7 were female. Six suffered from rheumatic heart disease. Two of the rheumatic patients had elevated cholesterol levels before Il1l treatment. Nine patients had atherosclerotic coronary artery disease with severe angina pectoris. Two or more control serum specimens were generally studied while the patient was euthyroid and from 1 to 6 specimens during the period when the patient was myxedematous.
Additional Physical examination had disclosed cardiac enlargement and the murmurs of aortic and mitral stenosis and insufficiency. He had carried on fairly successfully but finally entered the Beth Israel Hospital in January 1950 at the age of 29 because of increasing exertional dyspnea, orthopnea, paroxysmal nocturnal dyspnea, occasional precordial aching unrelated to exertion, nonproductive coughing, and rare episodes of dysphagia during the preceding 4 months. Examination disclosed a tall, thin man whose respirations were labored at a rate of 30 per minute; the apical pulse was irregular at a rate of 108 per minute. The initial blood pressure was 160/100 mm.; all subsequent blood pressure determinations were within normal limits. The heart was greatly enlarged. There were loud, rough apical systolic and diastolic murmurs and thrills, softer aortic systolic and diastolic murmurs, a loud pulmonic second sound, and a soft aortic second sound. There was slight cyanosis but no clubbing of the fingers. The neck veins were not distended, the lungs were clear, the liver edge was palpable, and edema was absent. Laboratory studies, including complete blood counts, plasma nonprotein nitrogen, Hinton serologic reaction, and urinalysis were normal except for 2 + to 4 digitalis, and mercurial diuretic injections every other day resulted in lessening of dyspnea and a 12-pound weight loss, whereupon he was discharged.
Because of gradual relapse on this regimen he was rehospitalized from March to May 1950. Additional studies disclosed a venous pressure of 18.5 em. of saline and an icterus index of 28 units. Basal metabolic rates averaged +5 per cent, and the 24-hour thyroid uptake of radioiodine was 37 per cent. As a final therapeutic measure, this euthyroid patient was given 32 me. of radioiodine in 2 divided doses in April 1950.
His condition was unchanged until Septembei' 1950, when hypothyroidism appeared. Thereafter, exertional capacity improved considerably, and mercurial injections were required only every 2 weeks. Chest roentgenograms during this period showed slight diminution in cardiac size and clearing of pulmonary congestion. In January 1952, thyroid, 6 to 18 mg. daily, was instituted to alleviate symptoms of myxedema. The basal metabolic rate was maintained at an average of -25 per cent and the serum cholesterol level varied from 280 mg. to 400 mg. per 100 ml. He was able to return to full-time work for the next 4 years.
In August 1955, exertional dyspnea reappeared. In October, the appearance of mild cough, chills, and fever necessitated rehospitalization. The cardiac findings were unchanged. There were now neck vein distention, dullness, decreased breath sounds, and crepitations over the right lower posterior chest, moderate hepatomegaly, and slight leg edema. No evidence of thrombophlebitis was found. The chest roentgenogram showed increased cardiac enlargement and consolidation of the right middle lobe that was interpreted as a possible pulmonary infarct. The electrocardiogram disclosed increased evidence of right ventricular hypertrophy. In conjunction with the cardiac therapy, heparin was administered intravenously every 4 hours, in 50-mg. doses. Dyspnea increased, cyanosis, hypotension, stupor, and periodic breathing developed, and he died on the third hospital day.
Postmortem examination revealed marked stenosis and calcification of the mitral valve, minimal commissural fusion between 2 of the aortic cusps, and slightly thickened and rolled borders of the tricuspid valve with slight thickening and shortening of the chordae tendineae. The pulmonic valve was normal. There was marked dilatation and hypertrophy of the ventricles. The left atrium was huge and contained more than 2 L. of blood; the right atrium contained approximately one third this volume. The coronary arteries examined by the injection and dissection technic of Schlesinger had only a few discrete, nonstenosing atheromatous plaques in the main left and right stems.
The final pathologic diagnoses were moderately active rheumatic heart disease, mitral stenosis and insufficiency, slight commissural fusion of the aortic valve, cardiomegaly, enormous atria with fibrosis and calcification, chronic passive congestion of the lungs, recurrent chronic pneumonitis of the right middle and lower lobes, severe pulmonary atherosclerosis, pulmonary emboli, cardiac cirrhosis of the liver, healed renal infarcts, and thyroid fibrosis and atrophy following radioiodine therapy.
In summary, a 35-year-old draftsman, invalided by rheumatic heart disease and refractory congestive heart failure, was treated with 1131. Following development of hypothyroidism, improvement was striking and the patient was able to return to work. He died of a pulmonary complication after 4 years of improvement. Despite hypometabolism for 4 years and hypercholesterolemia of 250 to 400 mg. per 100 ml. for at least 2 of these 4 8 showed slight narrowing of 1 of the main stems. In the other arteries, atheromatosis and atherosclerosis varied greatly, but was similar to that usually observed in similar euthyroid patients.
Our results do not, of course, disprove a role of cholesterol in the production of atherosclerosis; these results do demonstrate, however, that over the observed period of time, the hypothyroid state, controlled with small daily doses of desiccated thyroid, is not necessarily, in itself, sufficient cause for the production of coronary atherosclerosis.
It is of particular interest in patient N. B., case 3, that after hypometabolism was induced by 1131, the basal metabolic rate was maintained at a level of approximately -20 per cent for 4 years and the serum cholesterol was significantly elevated as high as 400 mg. per 100 ml. for at least 2 years. When the heart was carefully examined by the technic of Schlesinger, there was no evidence of coronary occlusion or major narrowing of any of the coronary vessels.
A PHYSICIAN: How do you deal with the problem of increasing angina pectoris or congestive failure in your hypothyroid patients when you cannot lower the thyroid medication further without causing intolerable symptoms of myxedema? DR. BLUMGART: It is fortunately a relatively small group of patients in which one is confronted with this difficult problem. The patient cannot tolerate any further lowering of the metabolic state and has now progressed so that his angina pectoris or congestive failure is similar to that before treatment. Under such circumstances nothing further can be done than the usual methods of treatment; in the instance of angina pectoris, surgical methods of treatment must be considered, including alcohol injections of nerves, ganglionectomy, introduction of foreign substances within the pericardium, or even posterior rhizotomy.
A PHYSICIAN: What do you believe are the mechanisms whereby improvement is achieved? DR. FREEDBERG: Various considerations lead to the conclusion that the reduction in cardiac work consequent to induced hypometabolism is, in all probabliity, the most important factor. The beneficial effect of rest, and the consequent reduction in cardiac work, in the successful treatment of congestive failure, has long been known. Means'5 in 1924 in discussing the treatment of cardiac dyspnea noted:
First of all comes treatment directed towards reduction of the metabolic rate. This is seen most strikingly in treatment by rest, particularly in heart failure. Mere confinement to bed, of course, makes total metabolism closely approach basal and, therefore, greatly diminishes the work both of the heart and the respiratory organs and consequently, the dyspnea... In the dyspnea of hyperthyroidism ... those measures which reduce the hyperthyroidism and therefore the metabolism by the same token diminish or abolish dyspnea.
In 1930, it was noted that the velocity of blood flow in patients with myxedema, in the absence of circulatory insufficiency or congestive heart failure, was slower than in normal individuals; in fact, the rates were similar to those observed in patients with congestive heart failure.'6 This led to the concept that reduction of the metabolic demands to a level more closely approaching the blood supply by the institution of hypothyroidism or myxedema might be beneficial to the patient with congestive heart failure. The general validity of this concept has been confirmed by the results obtained following surgical total thyroidectomy, by thiourea derivatives, and, as reported here, by radioactive iodine.
A recent paper by Davies, McKinnon, and Platts'7 suggests another mechanism whereby myxedema may benefit the patient with congestive failure. They observed that patients with myxedema, in contrast to patients with congestive heart failure, had unimpaired ability to excrete salt and water. It was particularly striking that a patient with mitral stenosis and spontaneous myxedema had a glomerular filtration rate and renal blood flow similar to that observed in congestive heart failure, but the administration of a 10-Gm. salt intake and 1,500 ml. of fluid daily did not result in an increase in body weight or a rise in venous pressure, as in patients with congestive failure.
Certain of these considerations are applicable to angina pectoris. It is well established that many patients with angina pectoris and thyrotoxicosis are markedly improved or show a disappearance of angina pectoris when the metabolic rate is reduced to normal. The cost of cardiac work in hyperthyroidism has been shown by Plummer and Boothby'8 to be increased, so that the cardiac work of the thyrotoxic patient at rest is like that of a normal person doing light work. A general reduction in body metabolism in euthyroid individuals with a consequent reduction in requirements for cardiac work would be of obvious importance in improving angina pectoris occurring at rest. It is difficult, however, to relate the small increase in cardiac efficiency and the decreased cost of cardiac work, noted by Briard and co-workers'9 in myxedema to the marked increase in tolerance of exercise noted by patients with angina pectoris in whom hypothyroidism is induced. Moreover, though in most instances clinical improvement in angina pectoris occurs pari passu with the drop in metabolic rate, in a few instances clinical improvement is noted early in the period of reduced metabolism and in others only after several months or longer.
Other possibilities suggested as the mechanisms for the improvement that occurs in intractable angina pectoris after induction of controlled hypothyroidism include (1) a decrease in sensitivity of the cardiovascular system to adrenergic mediators, (2) an alteration in pain perception, and (3) an increased rate of development of intercoronary arterial collateral circulation. There is much evidence to indicate an interrelationship between the thyroid hormone, the adrenal cortical hormones, and the catechol amines, epinephrine and norepinephrine. Raab'0 has recently summarized the evidence, "that the thyroid hormone affects the myocardial metabolism by markedly potentiating the hypoxia producing calorigenic and toxic action of the adreno-sympathogenic cortical amines." Since in myxedema there not only is reduction of the thyroid hormone but also in the adrenal cortical hormones, the pos-sibility cannot be excluded that some local myocardial or coronary vascular change explains the beneficial effect of induced hypothyroidism. Our own data2' have revealed little change in the systemic pressor response to norepinephrine in euthyroid patients with cardiac failure before and after Il3l-induced hypothyroidism; Riseman and co-workers22 also observed little alteration in blood pressure response to epinephrine after surgical total thyroidectomy in patients with angina pectoris until the basal metabolism had fallen to -30 per cent. Of the other possibilities, no evidence exists that the beneficial effect of hypothyroidism is to alter pain perception or to effect a beneficial change in the rate of development of the intercoronary arterial circulation. Much further work is necessary to elucidate these various possibilities.
